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DRIVE DEVICE 



INCORPORATION BY REFERENCE 
[0001] This application claims priority from Japanese Patent Application 
No. 2002-269232, filed September 13, 2002 through International Application 
No. PCT/JP03/05749, filed May 8, 2003, the disclosures of which are incorporated by 
reference thereto. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The invention relates to a cooling technique in drive units for electric cars 
and drive units for hybrid cars. 

2. Description of Related Art 

[0003] When an electric motor is used as a power source for vehicles, the electric 
motor needs a control device (an inverter in the case of an AC electric motor) that controls the 
electric motor. Since the control device, for example, the inverter, is connected to the electric 
motor by way of a power cable, the control device can be arranged in an appropriate position 
apart from the electric motor. For the convenience of a car-mounted arrangement, it is desired 
that the control device be united with the electric motor. 

[0004] By the way, current control devices are lower in heat-resistant temperature 
than electric motors. Hereupon, when a control device is to unite with an electric motor in the 
above-mentioned manner, certain devices that cut off direct heat conduction from the electric 
motor to the control device is needed in order to protect the control device. Also, since the 
temperature of the control device is raised due to heat generation by the elements of the 
control device, cooling is necessary in order to maintain the control device at the heat- 
resistant temperature thereof or lower. 

[0005] Conventionally, United States Patent No. 5,491,370 describes a technique 
that is thought to be usefiil for improving such a problematic matter. This technique adopts a 
construction in which a cooling channel (spiral passage) is formed on an outer periphery of a 
cylindrical-shaped inner body (housing) of an electric motor. A cooling saddle is also formed 
on a part of a jacket (sleeve) extemally mounted on the housing in a manner that covers an 
opening surface side of the passage with a control housing receiving therein an IGBT module 
(inverter component) mounted on the cooling saddle. With this construction, a cooling space 
is defined on facing portions of the control housing and the cooling saddle. Circulation of the 
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cooling fluid is carried out with the cooling fluid, fed from a water pump, flowing to the 
spiral passage via the cooling space, passing through a heat exchanger and retuming to the 
water pump. 

[0006] Also, another technique is proposed in JP-A-5~292703 and adopts a 
construction in which a motor body and a controller are united together with a heat sink 
therebetween. A cooling liquid is allowed to flow through an interior of the heat sink to cool 
the controller and the cooling liquid having flowed is fed to the motor body to cool the motor 
body. 

SUMMARY OF THE INVENTION 

[0007] With the conventional construction of the former technique, since a chassis 
of the inverter component is arranged in a floating state relative to the control housing, 
thermal insulation between the cylindrical-shaped inner body and the inverter component 
appears to be excellent. However, effective cooling of the inverter component by the cooling 
liquid is not expected. With this technique, since a tip end of a wall that defines the spiral 
passage on the cylindrical-shaped inner body contacts directly with the jacket, heat transfer to 
a saddle portion that defines a cooling space for the inverter component is thought to increase, 
which is not efficient in terms of cooling efficiency. 

[0008] On the other hand, with the conventional construction of the latter technique, 
since the controller contacts directly with the heat sink, a cooling effect on the controller can 
be expected of the cooling liquid. Also, since there is provided a gap that reduces an area, in 
which the heat sink and the motor body abut directly against each other, the effect of thermal 
insulation on the gap portion can be expected of the cooling liquid. However, since a layer of 
thermal insulation constituted by the cooling liquid contacts with both the motor body and the 
heat sink, a cooling liquid circulating system of a large capacity is required to lower the 
temperature of the cooling liquid to the heat-resistant temperature of the controller in order to 
protect the controller, in which case the technique is not efficient in terms of cooling 
efficiency. 

[0009] The invention thus provides, among other things, an apparatus and a method 
that efficiently cools an electric motor and an inverter while minimizing the amoimt of 
rejfrigerant that is used according to heat-resistant temperatures thereof in a drive unit, in 
which the inverter is united with the electric motor. The electric motor and inverter are 
cooled by creating a temperature difference between a rejfrigerant that cools the electric motor 
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and a refrigerant that cools the inverter while cutting off thermal conduction from the electric 
motor to the inverter with the use of the refrigerant. 

[0010] In order to attain the foregoing, according an exemplary aspect, a drive unit 
includes an electric motor, a drive unit casing accommodating therein the electric motor an 
inverter that controls the electric motor and a flow passage in which a refrigerant passes 
therein in order to cool the inverter. The inverter is mounted on the drive unit casing such 
that a heat sink, united with a substrate of the inverter, defines a space that is in 
communication with the flow passage on a portion thereof opposed to the drive unit casing. 
The space is compartmented by a separator into a first chamber facing the heat sink and a 
second chamber facing the drive unit casing and the heat sink comprises heat-sink side fins 
extending into the first chamber and apart from the separator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Various embodiments of the invention are described with reference to the 
drawings, wherein: 

[0012] Fig. 1 is a view showing a configuration of a cooling system of a drive unit 
according to the invention; 

[0013] Fig. 2 is a schematic view showing a longitudinal cross section, in an axial 
direction, of a drive unit according to a first embodiment; 

[0014] Fig. 3 is a schematic plan view showing a pin-shaped-fin arrangement 

pattem; 

[0015] Fig. 4 is a schematic plan view showing a rib-shaped-fin arrangement 

pattem; 

[0016] Fig. 5 is a side view showing, partially in section, an example in which the 
drive unit according to the first embodiment is embodied; 

[0017] Fig. 6 is a schematic view showing a longitudinal cross section, in an axial 
direction, of a drive unit according to a second embodiment; 

[0018] Fig. 7 is a schematic plan view showing a fin arrangement according to the 
second embodiment, in which facing surfaces of a heat sink and a drive unit casing are 
aligned in the same plane; 

[0019] Fig. 8 is a schematic plan view showing another fin arrangement according 
to the second embodiment, in which facing surfaces of a heat sink and a drive unit casing are 
aligned in the same plane; 
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[0020] Fig. 9 is a view showing a longitudinal, cross section, in an axial direction, 
of an example in which the drive unit according to the second embodiment is embodied; and 

[0021] Fig. 10 is a schematic view showing a longitudinal cross section, in an axial 
direction, of a drive unit according to a third embodiment. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] Embodiments of the invention will be described below with reference to the 
drawings. First, Fig. 1 schematically and conceptionally shows a cooling system of a drive 
unit, to which the invention is applied. The drive xmit comprises an electric motor 1 (Fig. 2), 
a drive imit casing 2 that accommodates therein the electric motor 1, an inverter 3 that 
controls the electric motor 1, and a flow passage 4 with a refrigerant that cools the inverter 3. 
An inverter, as referred to in the specification, is a power module composed of a switching 
transistor and associated circuit elements that convert DC of a battery power source into AC 
(three-phase AC in the case where the electric motor is a three-phase AC electric motor) 
under the switching action, and a circuit board arranging thereon the switching transistor and 
the associated circuit elements. The drive unit in this embodiment is used for electric cars or 
hybrid cars, and the drive unit casing 2 accommodates therein a motor or a generator or both 
thereof as an electric motor 1, a differential device, and an accessory mechanism such as 
counter gear mechanism. A heat sink 5 includes a substrate of the inverter 3, or is made 
integral with the substrate by attaching a separate member to the substrate, the heat sink 5 is 
mounted to the drive unit casing 2 while a space is defined in a region opposed to the drive 
unit casing 2, with the space communicated with the refiigerant flow passage 4. In this 
embodiment, the refirigerant flow passage 4 makes a refiigerant circulation path in which a 
refrigerant circulates through the space on the heat sink 5. 

[0023] The refrigerant circulation path, in which cooling water as a refrigerant 
circulates through the heat sink 5, comprises a water pump 41 as a pressure feed source, a 
radiator 42 as a heat exchanger, and flow passages 43, 44, 45 that connect the water pump 41 
and the radiator 42. In addition, illustration of accessory equipment such as a drive motor of 
the water pump 41 is omitted. The discharge-side flow passage 43 of the water pump 41 as a 
starting point of the refiigerant circulation path is connected to a port 51 on an inlet side of 
the heat sink 5, a port 52 on an outlet side of the heat sink 5 is connected to an inlet 421 side 
of the radiator 42 via the return flow passage 44, and an outlet 422 side of the radiator 42 is 
connected to the suction-side flow passage 45 of the water pump 41. Accordingly, cooling 
water as a refrigerant in the refrigerant circulation path is fed from the water pump 41, 
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absorbs heat from a module that constitutes the inverter 3 and heat of the drive unit casing 2 
when flowing through the space in the heat sink 5, is fed into the radiator 42 via the retvim 
flow passage 44 and cooled due to radiation of heat into the air, and is returned to the water 
pump 41 . Li addition, the refrigerant circulation path can also include a return path in the 
return flow passage 44 such that the cooling water returns to drive the unit casing 2 at least 
once for further cooling before flowing through the radiator 42. 

[0024] Subsequently, Fig. 2 schematically shows a longitudinal cross sectional 
view, in an axial direction, of the drive unit according to a first embodiment. Reference 
numeral 1 denotes the electric motor, 11a rotor shaft of the motor, 12 a rotor core, and 13 a 
stator core. As shown in the figure, a space R defined in a region, in which the heat sink 5 is 
opposed to the drive unit casing 2, is compartmented by a separator 8 into a first chamber Rl 
facing the heat sink and a second chamber R2 facing the drive unit casing 2, and is 
communicated to the flow passage of the refiigerant as described above. The heat sink 5 
comprises a multiplicity of heat-sink side fins 56 extending into the first chamber Rl to 
ensure a heat exchange area and disposed apart from the separator 8. In addition, the 
respective fins 56 are shown, in all the drawings, as being enlarged and exaggerated in 
dimension relative to the space R and the number of the fins as shown is less than the number 
of fins actually arranged for the purpose of avoiding complexity in the drawings. 

[0025] Next, Fig. 3 schematically shows a pattem that arranges the heat-sink side 
fins 56 as viewed in a plan view. The heat-sink side fins 56 comprise a multiplicity of pin- 
shaped fins in the form of a column arranged lengthwise and crosswise at a predetermined 
pitch relative to the first chamber Rl . A natural flow in the first chamber Rl is thus 
generated with a minimum amount of restriction by the fins 56. Restriction of the flow is 
minimized by the fins 56 based on the predetermined pitch and the shape of the fins 56. Such 
an adoption for the pin-shaped fins 56 is advantageous in that pressure loss in the refrigerant 
flow within the first chamber Rl can be extremely reduced. 

[0026] Other pattems that provide a different arrangement for the fins 56 can also 
be adopted. Next, Fig. 4 shows, in plan, a modified example of a pattem that arranges the 
heat-sink side fins 56 in the same manner as in Fig. 3. Li this case, the heat-sink side fins 56 
comprise rib-shaped fins in the form of a plate, which are aligned in parallel between the 
inlet-side port 51 and the outlet-side port 52 and are arranged at equal intervals. Both 
lengthwise ends of the fins 56 terminate with a predetermined gap between them and the 
peripheral wall 55 of the heat sink 5 so that spaces between the respective fins 56 are 
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communicated to the inlet-side port 5 1 and the outlet-side port 52. Such an arrangement for 
the fins 56 defines, in the first space Rl parallel to a direction in which the refiigerant flows , 
passages with both ends of the passages communicating with the inlet-side port 51 and the 
outlet-side port 52. The passages are also separated midway from one another by the fins 56. 

[0027] Next, Fig. 5 shows an example, in which the construction of the first 
embodiment is applied to a drive unit, of a hybrid car provided with two electric motors. In 
this example, as viewed in an axial direction, a motor 1 A as a first electric motor is arranged 
in an upper position. A differential device, with only a position of a shaft shovra, is arranged 
substantially below the motor 1 A. A generator IB is also shown as a second electric motor 
arranged in a middle position to be disposed forwardly thereof in a car-mounted state. 

[0028] A mount 20 for the heat sink 5 is formed integral with an upper portion of 
the drive unit casing 2. The mount 20 for the heat sinlc 5 is provided in a marmer so as to 
project obliquely on the upper portion of the casing 2 so as to contact with outer peripheries 
of two sections that receive the electric motors, and is in the form of a base, a plane outline of 
which substantially corresponds to that of the heat sink 5. A recess is formed on a side of a 
surface of the mount 20 that faces the heat sink 5, and this recess constitutes a second 
chamber (corresponding to the second chamber R2 in Fig. 2). 

[0029] In the embodiment, the heat sink 5 comprises a member separate from the 
substrate of the inverter 3, is in the form of a casing provided with a peripheral wall 54 that is 
rectangular in plan view, extends upward fi'om a bottom wall 53 thereof in a manner to 
surround the outline in a frame-like maimer, and has an interior thereof serving as a space that 
accommodates therein the inverter 3. Two modules 3 A, 3B, for the motor 1 A and the 
generator IB, that comprises the inverter 3 are tightly fixed to the bottom wall 53 of the heat 
sink 5 that is finished flat so as to closely mount thereto the modules 3 A, 3B in a manner not 
to generate the resistance of heat conduction. An upper opening of the heat sink 5 is closed 
by a cover 7 so that the inverter 3 therein is protected fi*om rain, water and dust. Provided on 
the bottom wall 53 of the heat sink 5 is a peripheral wall 55 that is rectangular in plan view 
and extends downward in a manner to surround the outline thereof, whereby a first chamber 
(corresponding to the first chamber Rl in Fig. 2) of the space R is surrounded by the 
peripheral wall to be defined. 

[0030] The heat sink 5 constructed in this manner causes an end surface of the 
peripheral wall 55 to abut against a mount surface of the drive unit casing 2 with a plate- 
shaped separator 8 therebetween. The separator 8 is externally dimensioned to correspond to 
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a portion of the heat sink 5 opposed to the drive unit casing 2, that is, an external shape of the 
mount 20 of the drive unit casing 2. The separator 8 is also externally dimensioned to 
correspond to an extemal shape, in plan view, of the heat sink 5. The separator 8 is also 
subjected to sealing at a periphery thereof by a sealing material 9 (see Fig. 2) such as an O- 
ring or the like and fixed integrally by appropriate fixation such as bolting. 

[0031] With the construction of the first embodiment, since a refrigerant flowing in 
the space R interposed between the heat sink 5 and the drive unit casing 2 serves as a layer of 
thermal insulation, heat transferred to the heat sink 5 from the drive unit casing 2 is cut off 
and the inverter 3 united with the drive unit can be protected from the high temperature of the 
drive unit. Also, since the space R is compartmented by the separator 8 into two layers, that 
is, the first chamber Rl and the second chamber R2 (see Fig. 2), it is possible to provide a 
temperature gradient between both chambers, whereby cooling of the heat sink 5 and the 
drive unit casing 2 can be made possible with a lower flow rate for the refrigerant as 
compared with the case where the entire space comprising a single layer is cooled by the 
refrigerant according to the heat-resistant temperature of the inverter 3. By providing a lower 
flow rate, the amount of refrigerant that is used is reduced. Further, since the heat-sink side 
fins 56 are not brought into contact with the drive unit casing 2, heat transfer from the second 
chamber R2 to the fu:st chamber Rl with the separator 8 therebetween becomes small. As 
such, both chambers Rl, R2 create two layers that can make the effect of thermal insulation 
effective. 

[0032] Next, Fig. 6 shows a second embodiment that is the same in fundamental 
construction as the first embodiment. In this embodiment, a heat sink 5 is the same as that in 
the first embodiment in that the heat sink 5 comprises heat-sink side fins 56 extending into a 
first chamber Rl . However, according to this embodiment a drive unit casing 2 also 
comprises drive-unit-casing side fins 22 extending into a second chamber R2. The drive-unit- 
casing side fins 22 are also apart from the separator 8. Since a remaining portion of the 
construction is the same as that in the first embodiment, an explanation is replaced by the 
same reference numerals that denote corresponding members. This is the same with other 
following embodiments. 

[0033] In this manner, when the fins 56, 22 are formed on both sides of the heat 
sink 5 and the drive unit casing 2, both fins 56,22 can adopt the same pin-shaped fin or rib- 
shaped fin configuration as that of the first embodiment or modifications thereof shown in 
Fig. 3 or Fig. 4, and further can adopt a fin configuration shown in Fig. 7. Next, Fig. 7 shows, 
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in schematic plan, an arrangement pattern adoptable in the embodiment, in which the heat- 
sink side fins 56 and the drive-unit-casing side fins 22 are arranged, and a bottom surface of 
the heat sink 5 and an opposed mount surface on the side of the drive unit casing 2 are aligned 
in the same plane. In this case, the heat-sink side fms 56 extending into the first chamber Rl 
comprise pin-shaped fins so as to reduce pressure loss in flow passages and the drive-unit- 
casing side fms 22 comprise rib-shaped fins that are excellent in making the flow uniform. 

[0034] Here, the relationship between the connection of the space R to the 
refi-igerant circulating path, which has not been referred to in the description of the first 
embodiment, will be described. When the space R is compartmented, as in the invention, 
how the respective chambers Rl, R2 are connected to a refrigerant circulating path is 
problematic. In the example shown in Fig. 7, inlet ports 51a, 51b of the respective chambers 
Rl, R2 are simply connected to a discharge-side flow passage 43 (see Fig. 1 for the 
relationship of this flow passage to the refiigerant circulating path) and outlet ports 52a, 52b 
are connected to a return flow passage 44 (likewise, see Fig. 1). Thus, both chambers are 
connected to the refrigerant circulating path in a parallel relationship with each other. 

[0035] When such a fin arrangement pattem and such a connection to the flow 
passages are adopted, flow resistance is smaller on a side of the first chamber Rl than on a 
side of the second chamber R2. As such, the flow rate on the side of the first chamber Rl 
becomes relatively large as compared to the flow rate on the side of the second chamber R2. 
Cooling of an inverter 3 and the drive unit casing 2 can be efficiently carried out with less 
flow rate by increasing the cooling capacity on a side of the heat sink 5 to provide a 
temperature gradient between the both chambers Rl, R2 according to a low heat-resistant 
temperature of the inverter 3. 

[0036] Next, Fig. 8 shows a modification, in which the fin arrangement pattem and 
the relationship of the connection with the refrigerant circulating path are frirther changed, in 
the same manner as in Fig. 7. In this case, both the heat-sink side fins 56 extending into the 
first chamber Rl and the drive-unit-casing side fins 22 extending into the second chamber R2 
comprise rib-shaped fins, while the heat-sink side fms 56 are arranged at smaller intervals 
than that for the drive-unit-casing side fins 22. Also, in this modification, the inlet port 51a 
of the first chamber Rl is connected to the discharge-side flow passage 43, the outlet port 52a 
is connected to the inlet port 51b of the second chamber R2 via a connection flow passage 46, 
the outlet port 51b of the second chamber R2 is connected to the return flow passage 44. 
Both chambers are thus connected in series to the refrigerant circulating path. 
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[0037] When such a fin arrangement pattern and such a connection to the flow 
passages are adopted, a cooling area (a fin surface area in contact with the refrigerant) on the 
side of the first chamber Rl is larger than that on the side of the second chamber R2 even 
when both of the chambers Rl, R2 are equal to each other in thickness. A cooling effect on 
the side of the first chamber Rl thus becomes relatively large. Accordingly, by making use of 
the above arrangement, cooling of the inverter 3 and the drive unit casing 2 can be efficiently 
carried out with less flow rate in the same manner as the case described above by increasing 
the cooling capacity on a side of the heat sink 5 to provide temperature gradient between the 
both chambers according to a low heat-resistant temperature of the inverter 3. 

[0038] In this manner, with respect to a fm arrangement pattem, it is possible 
according to the desired cooling effect to appropriately select a fin arrangement that includes 
fins of the same type and in the same number, a combination of fins of different types, and a 
fin arrangement that includes fins of the same type and in different numbers. Also, the 
connection of both chambers Rl, R2 to the refrigerant circulating path can be appropriately 
selected according to the relationship of the desired cooling effect and a fin arrangement 
pattem as employed. 

[0039] Next, Fig. 9 shows a modification, in which the second embodiment is made 
further concrete. Unlike the modification, in which the first embodiment is made concrete, 
this modification illustrates the case where a heat sink is composed of a module substrate 
itself with respect to unification of a substrate of an inverter with a heat sink. In the 
modification, since the heat sink 5 is annexed to a side of the inverter 3, the heat sink 5 is 
fixed to an inverter casing 50 comprising a separate member from the heat sink 5 and 
mounted to a drive unit casing 2 through the inverter casing 50. Accordingly, the drive unit 
casing 2 in this modification is the same as that in the previous embodiment in substantial 
construction while a mount 20 in an upper portion of the drive unit casing serves as a moimt 
for the inverter casing 50. More specifically, the mount 20 for the inverter casing 50 is in the 
form of a base, a plane outline of which substantially corresponds to that of the inverter 
casing 50. A recess is formed on a side of a surface of the mount 20 that faces the heat sink 
5, and this recess constitutes a second chamber (corresponding to the second chamber R2 in 
Fig. 6). 

[0040] That portion of the inverter casing 50, corresponds to the bottom wall 53 
(see Fig. 5) in the previous modification, except that a peripheral shelf-shaped portion 57 
serves as an opening, and the shelf-shaped portion 57 serves as a portion that fixes thereto and 
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supports thereon the heat sink 5. In this manner, since the inverter casing 50 comprises a 
separate member from the heat sink 5, appropriate sealing, of which illustration is omitted, is 
inserted in a fixing portion of the shelf-shaped portion 57 around the heat sink 5, to which the 
heat sink 5 is to be fixed. Sealing is thus applied between the inverter casing 50 and the heat 
sink 5. Except the above, the present modification is substantially the same as the previous 
modification, and an explanation of the remaining portion is replaced by the same reference 
numerals that denote corresponding members, hi this modification, a first chamber 
(corresponding to the first chamber Rl in Fig. 6) of a space R is surrounded and defined by an 
underside of the heat sink 5 and a rectangular-shaped peripheral wall 55 below the shelf- 
shaped portion 57 of the inverter casing 50. 

[0041] Both of the two embodiments described above make exclusive use of a 
refiigerant as a layer of thermal insulation without taking account of the heat conductive 
property of the separator 8. When a low thermal conductive member 6 made of a material of 
low thermal conductivity, that is, a thermal insulating material is used for the separator 8 or a 
low thermal conductive member, such as film-shaped member or the like, made of a material 
of low thermal conductivity is provided along and arranged on a member of a metallic 
material, that comprises the separator 8 as a backing, at least drive-unit-side fins 22 can be 
configured to contact directly with a low thermal conductive member 6 that constitutes the 
separator 8, or a member provided along the low thermal conductive member. Next, a third 
embodiment shown in Fig. 10 adopts such a construction. In addition, the low thermal 
conductive member 6 referred herein to does not necessarily mean a member made of a single 
material but includes a member formed by laminating a plurality of different materials that 
include a coating. 

[0042] The third embodiment adopts a construction, in which the separator 8 
comprises a low thermal conductive member 6 made of a material of low thermal 
conductivity, and tip ends of drive-unit-side fins 22 contact with the low thermal conductive 
member 6. With this construction, since the separator 8 comprises the low thermal 
conductive member 6, any special consideration is not necessarily taken of a contact area of 
the tip ends of the drive-unit-side fins 22 with the separator 8. However, in order to reduce a 
contact area on the low thermal conductive member 6, it is effective that an arrangement 
pattern of the drive-unit-side fins 22 is composed of pin-shaped fins. 

[0043] Li the case where such construction is adopted, since the separator 8 that 
separates the first chamber Rl and the second chamber R2 from each other serves as the 
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thermal insulating material 6 for a thermal insulating layer, three thermal insulation layers in 
all including two layers of the refrigerant and a layer formed from the low thermal conductive 
member 6 are provided between the drive unit casing 2 and the heat sink 5 to further improve 
the effect of thermal insulation. Also, in the case where the low thermal conductive member 
being film-shaped or the like is arranged on a side in contact with the drive-unit-casing side 
fins 22, tip ends of the drive-unit-casing side fins 22 support the low thermal conductive 
member, so that floating of the low thermal conductive member from the separator 8 can be 
prevented without the use of any special sticking means such as adhesion or the like. 

[0044] While the invention has been described above in detail on the basis of three 
embodiments, it is not limited to such embodiments but can be embodied with its concrete 
construction modified variously within the scope described in the claims. For example, while 
the separator in the first and second embodiments is exemplarily composed of a single- 
layered member, it can be composed of a multi-layered member, or constructed therefrom. In 
this case, it is effective that the separator be composed of, for example, a plurality of 
separation members with low thermal conductive portions therebetween, and the low thermal 
conductive portions be made, for example, a solid thermal insulating material, or a refrigerant 
flowing space similar to the first chamber Rl and the second chamber R2. 

[0045] Also, in the case where the low thermal conductive member 6 in the third 
embodiment comprises a film-shaped member or coating itself having no rigidity, it is 
possible to adopt a construction, in which the low thermal conductive member 6 is provided 
along or interposed between the separator 8 made of an appropriate material such as metallic 
material, ceramic material, rubber, etc. In this case, the low thermal conductive member 6 
may be provided along one surface of the separator 8 or both surfaces thereof 

[0046] Also, while the refrigerant exclusively composed of cooling water is 
illustrated, it is of course possible to use other appropriate refrigerants, and to construct a 
refiigerant circulating path of a separate system for the refrigerant that flows through the first 
chamber Rl and the second chamber R2. 

[0047] According to an exemplary aspect of the invention, since the refiigerant 
flowing in the space interposed between the heat sink and the drive-unit-casing has the space 
serving as a thermal insulating layer, heat transferred from the drive-unit-casing to the heat 
sink is cut off, so that the inverter united with the drive unit, that is disadvantageous in terms 
of heat-resistant temperature, can be protected from the high temperature of the drive unit. 
Also, since the space is compartmented by the separator into two layers composed of the first 
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chamber and the second chamber, a temperature gradient can be provided between both of the 
chambers, whereby cooUng of the heat sink and the drive unit casing can be made possible 
with less flow rate of the refrigerant as compared with the case where the entire space 
comprising a single layer is cooled by the refrigerant according to the heat-resistant 
temperature of the inverter. Further, since the heat-sink side fms are not in contact with the 
drive unit casing, heat transfer from the second chamber to the first chamber via the separator 
is reduced, and the effect of thermal insulation due to the chambers that comprise two layers 
can be made effective. 

[0048] In accordance with an exemplary aspect of the invention, since the cooling 
effect on the second chamber facing the drive unit casing is enhanced to thereby reduce heat 
transferred via the separator to the first chamber facing the heat sink, it is possible to enhance 
the cooling effect on the side of the first chamber. 

[0049] In accordance with another exemplary aspect of the invention, the provision 
of the drive-unit-casing side fms makes it possible to reduce heat transferred from the drive 
unit casing to the separator within the second chamber while enhancing the cooling effect on 
the second chamber facing the drive unit casing. 

[0050] In accordance with another exemplary aspect of the invention, the drive-xmit- 
side fins may contact with the separator. With the construction, since the separator that 
separates the first chamber and the second chamber from each other serves as a thermal 
insulating layer, three thermal insulation layers in all including two layers of the refrigerant 
and a layer formed from the low thermal conductive member are provided between the drive 
unit casing and the heat sink to further improve the effect of thermal insulation. 

[0051] In accordance with another exemplary aspect of the invention, since the low 
thermal conductive member can be provided along and supported by the separation member, 
a material having no rigidity can be used for the low thermal conductive member and a wide 
variety of materials can be selected and used for the low thermal conductive member. 

[0052] In accordance with another exemplary aspect of the invention, since the 
intermediate portion interposed by the separation members comprises a low thermal 
conductive portion and the separation members themselves do not necessarily have the 
thermal insulating property, a wide variety of materials can be selected and used for the 
separation members. 



